The biodegradable organic biomasses are a potential source of renewable energy when biologically converted into biogas under anaerobic conditions. Studies on biogas production from various organic biomass such as ground pine needle, ground oak, vermi compost of pine needle and cow urine treated pine needle and pine needle treated with NaOH, lime, urea and Trichoderma spp., Pseudomonas spp. combinations were conducted in batch mode anaerobic fermenter of 4 litre capacity polymer reagent bottle at mesophilic temperature of 35±1°C. The process parameters such as pH, total alkalinity, TS and VS were measured and analyzed. The highest specific biogas production of 0.776 l/g VS destroyed was observed for B1 and it was lowest 0.127 l/g VS for pine treated with cow urine. The highest biogas production of 0.696 l/g TS destroyed was observed for vermi composed pine and it was lowest 0.106 l/g TS for pine treated with cow urine.
Introduction
Biogas typically refers to a mixture of gases produced by the breakdown of organic matter in the absence of oxygen. It is primarily methane (CH4) and carbon dioxide (CO2) and may have small amounts of hydrogen sulphide (H2S) and moisture. Biogas can be produced from regionally available raw materials such as recycled waste. It is a renewable energy source and in many cases exerts a very small carbon footprint.
Biogas can be compressed, the same way natural gas is compressed to CNG, and used to power motor vehicles. In the UK, for example, biogas is estimated to have the potential to replace around 17% of vehicle fuel. It qualifies for renewable energy subsidies in some parts of the world. Biogas can be cleaned and upgraded to natural gas standards when it becomes bio methane.
Digestion with an elevated content of total solids (TS) is widely used for municipal solid waste (MSW). Since 1993, what are called dry digestion plants (>20% TS in the feed) have been constructed more often than wet digestion plants (<10% TS in the feed) Continuous single-phase processes are predominant. In Europe, only 11% of the total digestion capacity is offered by twophase systems, probably because single-phase systems are cheaper with regards to the investment and maintenance required. Several advantages of two-phase systems have been reported. While during the first phase appropriate conditions accelerate liquefaction, the second phase converts soluble matter into biogas. This allows for a more rapid and more stable process compared to single-phase systems. However, distinct separation between hydrolysis-acidification and methanation is difficult to maintain which may eliminate the associated benefits of a two-phase system. Phase separation appears to be more difficult for slowly hydrolysable substrates .For solid materials with slow degradability, single-phase digestion is recommended and for easily degradable materials, a two-phase system is considered more advisable and . With systems in which leach ate trickles through a biomass bed, phase separation may be more difficult to achieve than with stirred digesters due to lack of mixing and low ion diffusion in a non-flooded matrix. In agriculture, slurry-based liquid-phase digestion is widely applied today, but digestion with elevated TS contents promises further development. Research data have been published on the digestion of crop residues, herbs and leafy biomass dairy manure (pig dung yard waste and), energy crops and various ensiled substrates.
Biomass can be transformed into clean energy and/or fuels by a variety of technologies, ranging from conventional combustion process to emerging biofuels technology. Besides recovery of substantial energy, these technologies can lead to a substantial reduction in the overall waste quantities requiring final disposal, which can be better managed for safe disposal in a controlled manner while meeting the pollution control standards.
Biomass waste-to-energy conversion reduces greenhouse gas emissions in two ways. Heat and electrical energy is generated which reduces the dependence on power plants based on fossil fuels. The greenhouse gas emissions are significantly reduced by preventing methane emissions from landfills. Moreover, biomass energy plants are highly efficient in harnessing the untapped sources of energy from biomass resources.
Oaks (Quercus Leucotrichophora) have a high protective value compared to other species and are also used as multipurpose species by the village community. Leaf litter from oak forests is an important source of manure, and the forests are an important source of fodder and grazing for cattle.Banj oak foliage has a relatively low protein content (9-13% Dry Matter) and a very high fibre content: NDF(Neutral Detergent Fibre) is in the 60-70% range, ADF(Acid Detergent Fibre) is in the 38-60% DM range and lignin, while extremely variable, can reach 20% DM or more. Here terms ADF and NDF both measure the fibre content in forages. ADF is a measure of the fibrous part of a plant (cellulose and lignin) that the animal cannot digest. NDF also is a measure of fibre, but of hemicellulose, cellulose and lignin. Its leaves are said to be very nutritious and are therefore favored as cattle feed for stall fed cattle. Its leaves are also scattered over the floor under the cattle along with chopped hay. The trees seem to grow only at higher altitudes (reputedly in the 1400-2300 m range). The main local uses of Pine (Pinus Roxburghii) are for fuel wood and timber. The trees seem to grow at the altitudes generally 1200-2200m range.
In view of availability of large amount of biomass as biodegradable organic waste and its vast energy potential, the study was initiated with following objectives:
(1). To study feasibility of biomethane production from himalayan oak waste leaves.
(2). To study effect of cow urine on biomethanation of pine needle.
(3). To study effect of vermicomposting on biomethanation of pine needle.
Materials and Methods
Studies on anaerobic batch fermentation of various biomasses were carried out to observe process parameters, biogas production and its composition. The experiments were laid at the Bio energy Technology Laboratory of the Department of Farm Machinery and Power Engineering. The experimental techniques, analytical methods and calculation procedures adopted for the measurements of different parameters are described in this chapter.
Experimental Set-up for Batch Fermentation
An experimental set-up consisting of a batch type fermenter, gas transfer tube and gas collection bottle as shown in (Fig. 1 ) was used to carry out in biomethanation process.
Batch fermenter
Polymer jars of 4 litre capacity were used as batch fermenters. The fermenters (Fig 3.1) had provision for feeding slurry into it and an outlet to convey the gas produced. The outlet for each fermenter was connected to a gas collection bottle and all the joints were sealed with the help of Araldite and M-seal. In all 9 such fermenters were used. The sampling port of the fermenter was provided with a PVC pipe of 30 mm internal diameter which was sealed by using a tight conical rubber cork. The outlet of each digester was connected to a gas collection unit through a tight fit rubber tube of 3 mm internal diameter. A copper tube jointer was provided in between gas outlet of the digester and gas transfer tube to facilitate withdrawal of digester form set-up at the time of sampling of substrate during the course of experimentation.
Gas collection unit
The polymer jars of two litre capacity were used with each fermenter for collecting biogas. The outlet of each fermenter was connected to the polymer bottle (Fig. 1) . The water displacement method was used for collection of gas.
A number 8 rubber cork was used to plug the opening of each gas collection bottle. A 50 mm long copper tubing having 3 mm internal diameter was inserted in the rubber cork used for plugging the opening of gas collection bottle. Another copper tubing of the same size was fitted at the lower side of the gas collection polymer bottle as an outlet for water displaced. A rubber tube having an internal diameter of 3 mm was fixed at the outlet of the gas collection bottle to carry out the displaced water from gas collection bottle to measuring cylinder of 1 litre capacity. The gas transfer tube from each fermenter was attached to a gas collection bottle using a copper tubing jointer to facilitate the withdrawal of the bottle for refilling and for carrying the bottle having biogas to the gas chromatograph for analysis of gas composition. All the joints were sealed with synthetic rubber adhesive and M-seal and soap solution was applied for detecting any gas leakage. The total volume of biogas produced was recorded by collecting displaced water in a measuring cylinder of 1 litre capacity. The opening of gas collection bottle was plugged with the rubber cork using synthetic adhesive after ever refilling. 
Experimental Procedure

Collection of substrates and inoculum
Cow dung, cow urine, earthworms and Inoculum was obtained from Instructional of Dairy Farm Nagla, G.B.P.U.A.T, Pantnagar. The oak leaves were obtained from a village Peora, Mukteshwar. The Pine leaves were obtained from Bhimtal.
Treatment of substrates
The pine leaves were treated with cow urine with two ways. In one way we mixed cow urine to the raw grinded pine needles and then kept for anaerobic digestion. In another way we mixed cow urine to the raw grinded pine but leave for 10 days then kept for anaerobic digestion. Such that we take grinded pine of different size and then mixed the water to them and leave for a week and then treated with earthworms.
Preparation of substrates
The substrates used for anaerobic batch fermentation were prepared by adding required weight of waste with an addition of inoculum and water as shown in table 1.
Table 1
The substrates used for anaerobic batch fermentation
Experimental program
The prepared substrate was filled in fermenter and then placed in a temperature and humidity controller and maintained at a temperature of 35 ±1 0 C throughout the experiment
Analysis schedule
The anaerobic digestion of all the treatments substrates was carried for a period of 35 days at operating temperature of 35±1 0 C. A sample from each fermenter was drawn after every seventh day to determine pH, total alkalinity, and biodegradation of substrate. The analysis schedule as observed during the experiment is shown in Table2. 
Analytical Techniques
Determination of temperature
The operating temperature (35±1ºC) at which fermenter were kept was taken as the biogas production temperature. A mercury thermometer having range of 0-100ºC with the readability of 0.1ºC was used to measure the temperature. The biogas was collected at ambient conditions during each experiment which reflected the biogas collection temperature.
Determination of biogas production
The volume of biogas produced from each fermenter during the course of study was measured using water displacement method. The water displaced from a gas collection bottle into a measuring cylinder was taken as the volume of biogas produced. The total biogas produced during a period of 24 h was recorded as daily gas production.
Determination of total solids
The total solids available in substrates were measured as per Standard Methods for the Examination of Water and Waste Water. The total solids of samples weekly drawn from each fermenter were also determined. The samples were weighed on an electronic balance having least count of 0.001g. The pre-weighed wet samples kept in pre weighed porcelain dish were dried to constant weight in a hot air oven at 103 to 105ºC. The total solids in the sample were calculated using the formula given below.
TS= (Wd/Ww) x 100 Where, Wd= weight of oven dried sample, g Ww= weight of wet sample, g TS =total solids, %
Determination of volatile solids
The volatile solids of the substrates were also determined as per Standard Methods for the Examination of Water and Waste Waters(APHA).The silica crucible having pre-weighed oven dried samples were placed in a Wiswo make muffle furnace at 550+50C for 30 minutes. Thereafter dried sample (ash) was cooled in desiccators. The weight of crucibles having burnt samples (ash) cooled samples was taken immediately using a precision balance. The volatile solids content of the samples was calculated using the following formula: VS = [(Wd-Wa)/Ww] x100 Where, VS= volatile solids present in the wet sample, % Wa = weight of dry ash remaining after igniting the sample in muffle furnace, g Wd = weight of dry sample, g Ww = weight of wet sample, g
Determination of pH
The pH of the influent slurry as well as the samples drawn from each treatment at every seven day interval was recorded using a Khera made digital pH meter. The least count of the pH meter was 0.05 pH. The pH meter was adjusted to the pH seven using a 7 pH buffer solution. The buffer solution of pH 7.0 was prepared by dissolving a tablet of pH 7 in 100 ml distilled water.
Determination of total alkalinity
Measurement of total alkalinity was based on potentiometric titration to end point pH method as described in Standard Methods for Examinations of Water and Waste Water. The analysis was performed on 5 g of samples which were weighed using an electronic balance of least count 0.001g. These samples were diluted to ten times using distilled water and then filtered in a 150 ml beaker. The filtered samples were then titrated with 0.1 N sulphuric acids to bring the pH of sample to 4.3 as the end point. The total alkalinity in the samples was then calculated using the following equation:
Total alkalinity = 50,000. A. N/V (mg of CaCO3/l) Where, A= Volume of Standard acid used, ml N= normality of standard acid V= Volume of sample, ml
The calculated value of total alkalinity was multiplied by the dilution factor of 10 to obtain the total alkalinity of the sample.
Determination of biodegradability of substrate
The biodegradability of the various treatments of substrates was determined using the following expression:
B [%] = [I -F) / I ] x 100 Where, B= percent biodegradation I = initial total volatile solids (g) F = final total volatile solids (g)
Calculation of dry biogas at STP
The daily volume of biogas produced during each experiment was measured by using the liquid displacement system. The gas evolved was collected in gas collection bottle of 2 l capacity which was kept in the laboratory under ambient conditions. Therefore, the ambient temperature was taken as the biogas collection temperature. Thus the biogas produced was collected between the ambient temperature ranges of 22 to 33ºC whereas the fermenter was kept at 35 ± 1ºC under thermostatically controlled temperature condition. Thus, the biogas produced under various treatments was collected at a temperature lower than the temperature at which it was produced. Hence, it was necessary that the biogas volume must be corrected to exclude volume occupied by water vapour. In order to correct biogas volume at STP, the Charles' law was taken into account which states that gas volume varies directly with absolute temperature. Following equation was, therefore, used to correct the biogas volume at 0ºC (273ºK). BV0 = volume of the biogas at 0ºC, l BV = volume of the biogas measured at temperature T, l T = temperature at which biogas was collected, ºC However, the Charle's law does not compensate for the change in relative volume of water vapour present in the biogas, therefore, above equation gives higher value of biogas volume. In order to obtain the volume of the dry biogas at STP, a correction method as per Handbook of Chemistry and Physics (Anonymous, 1984) was applied for the mass and volume of water vapour due to evaporation. The dry biogas volume was calculated in the following manner. The values of standard steam saturated volumes at temperature between 0ºC to 40ºC with an increment of 5ºC were taken. The values between above temperature range were taken because biogas was collected between 22 to 33ºC only. The water vapour density for each temperature was then converted to fractional water volume using the following equation: V = nRT / P Where, V = volume of the gas, l N = number of moles of gas R= gas constant, 0.08205 1-atm/mol. ºK T = absolute gas temperature, ºK P = gas pressure, atm
The value of P at STP is equal to one atmosphere. The value of n was then determined from the equation given below: n= (Water vapour density / Molecular weight of water)
The non-water biogas volumes at respective temperatures were obtained by subtracting the water vapour volume. The ratio between biogas volumes at measured temperature (BVo/BV) was then calculated for each temperature. The dry biogas factor (DBF) at STP was calculated by multiplying non-water biogas volume to BVo/BV. DBF = 0.99998-0.0045501 x T Where, DBF = dry biogas factor, l dry biogas at STP/l biogas measured at TºC T = Biogas temperature, ºC The corrected biogas volume at STP was then obtained by multiplying the biogas volume at a given temperature by dry biogas factor.
Results and Discussion
The studies on anaerobic digestion of different biomass were carried out to evaluate its feasibility for their biomethanation potential. The experiments were carried out in laboratory scale batch mode fermenter at mesophilic temperature of 1±35°C to determine the effect of various process parameters during anaerobic fermentation and performance evaluation. The substrates concerning this study included cow dung, Oak leaves, and Pine needle. The physiochemical analysis used in the study complies with Standard Methods for Examination of Water and Waste Water. Process parameters and performance of various treatments under the experimental conditions have been discussed and results are compared.
Characteristics of Livestock Excreta
The initial value of total solids (TS), volatile Solids (VS), pH, and total alkalinity of various biomass before anaerobic digestion are shown in Table 4 .The table indicates that, raw pine, treated pine, oak leaves have enormous potential as per available VS and favorable process parameter for biomethanation as cow dung.
Effect of Treatments on Process Parameters
Anaerobic fermentation process involves a series of complex biochemical reactions consisting of solubilizing, non-methanogenic and methanogenic phases. Process parameters such as pH, total alkalinity are considered responsible for success of the process. These process parameters were measured during the experiments and are discussed below. Table 3 Characteristics of various Livestock Excreta studied A suitable environmental condition for methanogenesis in an anaerobic digestion process is decided by the pH of the process. The influence of process parameters reveals that satisfactory process operation occurs in the pH range of 6.6 to 7.6 whereas pH below 6 is considered toxic to the methanogens. Table 4 .2 shows the initial as well as observed pH of different substrates during the course of study. 
pH of the process
Total alkalinity of the process:
The total alkalinity of the organic biomass such as livestock waste, agricultural residues aquatic and forest biomass is the measure of their chemical buffering capacity. In an anaerobic digestion process, this buffering capacity helps to maintain pH providing stability to the process. The total alkalinity observed during the experiment at initial and final stage is shown in table 4.3 for all the treatments. 
Reduction in Total Solids
The substrates used in the study were prepared by addition of water and active inoculum for various treatments as explained earlier. 
Biogas production
Biogas is a colourless and inflammable gas mainly comprising of methane and carbon dioxide with traces of hydrogen, hydrogen sulphide, and water vapour. The amount of biogas production and its composition vary during different stages of digestion and are greatly influenced by process parameters such as temperature, pH, and alkalinity, types of organic biomass substrates availability of total and volatile solids. The biogas evaluated from an anaerobic digester is saturated with water vapour. It represents a higher biogas volume than actual volume produced due to expansion in volume at higher temperature. The biogas produced was thus corrected for standard temperature and pressure (STP) condition according to (Handbook of chemistry 1984).
Conclusions
The biodegradable organic biomasses are a potential source of renewable energy when biologically converted into biogas under anaerobic conditions. Studies on biogas production from various organic biomass such as ground pine needle, ground oak, vermi compost of pine needle and cow urine treated pine needle and pine needle treated with NaOH, lime, urea and Trichoderma spp. , Pseudomonas spp. combinations were conducted in batch mode anaerobic fermenter of 4 litre capacity polymer reagent bottle at mesophilic temperature of 35±1°C. The process parameters such as pH, total alkalinity, TS and VS were measured and analysed and results are summerised as below.
(1). The initial pH of all the substrates was within recommended limit but finally its value decreases. The pH value of oak changes rapidly compare to other substrates. (2). The lowest total alkalinity was observed for the substrate from oak and highest for the pine treated with cow urine. (3). The TS reduction of 29.1g, 19.51, 10.98, 32.57, 33.05, 33.37, 23.7, and 32.96 gram was observed for the treatments T1, T3, T2, T4, A1, B1, F1 and CD respectively. (4). The VS reduction of 30.59, 29.51, 10.76, 27.17, 35.38, 22.43, 21.71, and 20.13 gram was observed for the treatments T1, T3, T2, T4, A1, B1, F1 and CD respectively. (5). 5. The highest specific biogas production of 0.776 l/g VS destroyed was observed for B1
and it was lowest 0.127 l/g VS for pine treated with cow urine. (6). The highest biogas production of 0.696 l/g TS destroyed was observed for vermi composed pine and it was lowest 0.106 l/g TS for pine treated with cow urine.
